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POWER CONTROL APPARATUS HAVING A 
CONTROL VOLTAGE FILTERING MEANS 
WITH MULTIPLE TIME CONSTANTS 

REFERENCE TO RELATED APPLICATION 

This Application is a continuation of International appli 
cation Ser. No.PCT/JP98/03040, whose international filing 
date is Jul. 7, 1998, the disclosure of which Application are 
incorporated by reference therein. The benefit of filing and 
priority dates of the International Application is respectfully 
requested. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates to a power control appara 
tus. More particularly, the present invention relates to an 
apparatus for automatically adjusting an input signal to a 
desired power level and outputting the obtained result and to 
an apparatus Suitable for, e.g., a radio transmitter adopting 
TDMA (Time Division Multiple Access) for carrying out 
burst transmission. 

2. Description of the Background Art 
FIG. 19 is a block diagram showing a structure of a 

conventional power control apparatus, and Such an appara 
tus is disclosed in, for example, Japanese patent laid-open 
publication No. Hei4-354209. In FIG. 19, the power control 
apparatus is equipped with: a power amplifier 102, a direc 
tional coupler 103; a transmitting antenna 104, a cymoscope 
105: direct-current amplifiers 106 and 112, A/D converters 
107 and 115; a CPU 108; a PROM 109; a pulse width 
modulation generator 110; a low-pass filter 111; a tempera 
ture detector 113; and a direct-current converter 114. 
A modulated high-frequency signal is amplified by the 

power amplifier 102 and divided into power to be supplied 
to the transmitting antenna 104 and that to be supplied to the 
cymoscope 105 by the directional coupler 103. The power 
supplied to the cymoscope 105 serves as control power for 
controlling the electric power to be Supplied to the trans 
mitting antenna 104, i.e., an output level of a carrier wave. 

The control power is detected by the cymoscope 105 and 
converted into a direct Voltage to be amplified by the 
direct-current amplifier 106. The direct-current voltage 
amplified by the direct-current amplifier 106 is digital-coded 
by the A/D converter 107 and fetched in the CPU 108. 

Meanwhile, a circuit temperature of the power control 
apparatus is detected by the temperature detector 113 and 
Supplied to the direct-current converter 114 as a temperature 
Signal. The temperature Signal is converted into a direct 
current voltage by the direct-current converter 114 and then 
digitized by the A/D converter 105 to be fetched in the CPU 
108. 

The CPU 108 generates an appropriate correction instruc 
tion signal associated with the circuit temperature based on 
the above-mentioned two types of digital input data and 
correction data stored in an PROM 109. The correction 
instruction signal is fed to the PWM generator 110 in which 
a pulse-width-modulated control Voltage is generated. This 
control Voltage is converted into a direct current Voltage by 
the low-pass filter 111 and amplified by the direct-current 
amplifier 118. The control voltage amplified...by the direct 
current amplifier 118 is supplied to the power amplifier 102 
in order to control an output from the power amplifier 102. 

In Such a conventional power control apparatus, however, 
a time constant of the low-pass filter 111 for converting the 
control Voltage into the direct-current Voltage is a fixed 
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2 
value determined in accordance with characteristics of the 
lower-pass filter. The control Voltage may discretely vary by 
an amount or period of renewal of the control Voltage and, 
in this case, the low-pass filter having a fixed time constant 
has Such a problem as that the discrete change in the control 
Voltage can not be Sufficiently Smoothed to Stabilize the 
control loop. 

Further, when a low-pass filter having a large time con 
stant is used as the low-pass filter 111 in order to solve the 
above-described problem, in the high-Speed burst transmis 
Sion of a radio communication apparatus adopting TDMA 
for example, the rising of the transmitted power slows down 
to collapse data in the burst leading edge. 

Furthermore, if a change in the ambient temperature or a 
power Supply Voltage fluctuation of a circuit is observed, the 
overshoot or undershoot of the transmitted power is gener 
ated immediately after Start of transmission and immediately 
after Stop of transmission due to the environmental 
capability, the bias change and the like of the direct-current 
amplifier, the power amplifier and others. 

SUMMARY OF THE INVENTION 

In view of the above-described drawbacks, it is an object 
of the present invention to provide a power control apparatus 
capable of optimally controlling a first or last transition 
characteristic of transmitted power by varying a time con 
Stant of a low-pass filter at a first or last transition of the 
transmitted power. 

It is another object of the present invention to provide a 
power control apparatus capable of Setting a time constant of 
a low-pass filter to an optimal value at a first or last transition 
of transmitted power even if an operational environment is 
changed due to a fluctuation of a temperature of the appa 
ratus or of an ambient temperature and the like. 
To achieve this aim, according to one aspect of the present 

invention, the invention provides a power control apparatus 
comprising: a power level adjusting circuit for adjusting an 
input signal to a desired power level in accordance with a 
control Voltage and outputting the obtained result, a control 
Voltage generating circuit for comparing a current output 
power of the power level adjusting circuit with a target 
power level and generating the control voltage based on a 
result of comparison; a low-pass filter that operates in 
accordance with either a first time constant or a Second time 
constant Smaller than the first time constant and filters the 
control Voltage generated by the control Voltage generating 
circuit to be Supplied to the power level adjusting circuit; 
and filter controlling means for causing the low-pass filter to 
operate in accordance with the Second time constant at a first 
transition of the output power from the power level adjusting 
circuit and causing the low-pass filter to operate in accor 
dance with the first time constant after the first transition of 
the output power from the power level adjusting circuit. 

According to another aspect of the present invention, the 
invention provides a power control apparatus comprising: a 
power level adjusting circuit for adjusting an input signal to 
a desired power level in accordance with a control Voltage 
and outputting the obtained result; a control Voltage gener 
ating circuit for comparing a current output power of the 
power level adjusting circuit with a target power level and 
generating the control Voltage based on a result of compari 
Son; a low-pass filter that operates in accordance with either 
a first time constant or a Second time constant Smaller than 
the first time constant and filters the control Voltage gener 
ated by the control Voltage generating circuit to be Supplied 
to the power level adjusting circuit; and filter controlling 
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means for causing the low-pass filter to operate in accor 
dance with the first time constant before a last transition of 
the output power from the power level adjusting circuit and 
causing the low-pass filter to operate in accordance with the 
Second time constant at the last transition of the output 
power from the power level adjusting circuit. 

According to a further aspect of the present invention, the 
invention provides a power control apparatus comprising: a 
power level adjusting circuit for adjusting an input signal to 
a desired power level in accordance with a control Voltage 
and outputting the obtained result, a control Voltage gener 
ating circuit for comparing a current output power of the 
power level adjusting circuit with a target power level and 
generating the control Voltage based on a result of compari 
Son; a low-pass filter that operates in accordance with either 
a first time constant or a Second time constant Smaller than 
the first time constant and filters the control Voltage gener 
ated by the control Voltage generating circuit to be Supplied 
to the power level adjusting circuit; and filter controlling 
means for causing the low-pass filter to operate in accor 
dance with the Second time constant at a first transition of the 
output power from the power level adjusting circuit, causing 
the low-pass filter to operate in accordance with the first time 
constant after the first transition of the output power from the 
power level adjusting circuit, causing the low-pass filter to 
operate in accordance with the first time constant before a 
last transition of the output power from the power level 
adjusting circuit, and causing the low-pass filter to operate 
in accordance with the Second time constant at the last 
transition of the output power from the power level adjusting 
circuit. 

The low-pass filter may include: a first resistor, a capaci 
tor cooperating with the first resistor to form a first low-pass 
filter that operates in accordance with the first time constant; 
and a Second resistor which is connected in parallel to the 
first resistor and cooperates with the first resistor and the 
capacitor to form a Second low-pass filter that operates in 
accordance with the Second time constant, and the filter 
controlling means may have a diode connected in Series to 
the Second resistor. 

Here, the low-pass filter may include: a first resistor, a 
capacitor cooperating with the first resistor to form a first 
low-pass filter that operates in accordance with the first time 
constant; and a Second resistor which is connected in parallel 
to the first resistor and cooperates with the first resistor and 
the capacitor to form a Second low-pass filter that operates 
in accordance with the Second time constant, and the filter 
controlling means may have a plurality of diodes connected 
in Series to the Second resistor and a Switch circuit for 
Switching the State of connection between these diodes and 
the Second resistor. 

Additionally, the low-pass filter may include: a first 
resistor, a capacitor cooperating with the first resistor to 
form a first low-pass filter that operates in accordance with 
the first time constant; and a plurality of Second resistors 
which are respectively connected in parallel to the first 
resistor and cooperate with the first resistor and the capacitor 
to form a Second low-pass filter that operates in accordance 
with the Second time constant, and the filter controlling 
means may have a diode which is in Series to each of the 
multiple Second resistors and a Switch circuit for Selectively 
connecting the multiple Second resistors to the diode. 

Moreover, the filter controlling means may have a tem 
perature Sensor for detecting a temperature of the power 
control apparatus or an ambient temperature So that the first 
and Second time constants can be Switched in accordance 
with a temperature detected by the temperature Sensor. 
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4 
In addition, the low-pass filter may include: a first resistor; 

a capacitor; an active device for cooperating with the first 
resistor and the capacitor to form the low-pass filter having 
the first time constant; and a Second resistor which is 
connected to the first resistor in parallel and cooperates with 
the first resistor, the capacitor and the active device to form 
a Second lowpass filter that operates in accordance with the 
Second time constant, and the filter controlling means may 
have a diode connected to the Second resistor in Series. 

Further, the second resistor of the low-pass filter may be 
constituted by a thermistor. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a block diagram showing the Structure of a 
power control apparatus according to an embodiment 1 of 
the present invention; 

FIG. 2 is a circuit diagram of a low-pass filter circuit 
included in the power control apparatus according to the 
embodiment 1 of the present invention; 

FIG. 3 is a view showing output waveforms of a D/A 
converter and the low-pass filter included in the power 
control apparatus according to the embodiment 1 of the 
present invention; 

FIG. 4 is a view showing a transmitted power waveform 
obtained when the power control apparatus according to the 
embodiment 1 of the present invention is applied to a 
portable radio communication apparatus adopting TDMA, 

FIG. 5 is a view showing a partially-enlarged transmitted 
power waveform illustrated in FIG. 4; 

FIG. 6 is a block diagram showing the structure of a 
power control apparatus according to an embodiment 2 of 
the present invention; 

FIG. 7 is a circuit diagram showing a low-pass filter 
included in the power control apparatus according to the 
embodiment 2 of the present invention; 

FIG. 8 is a view showing output waveforms of a D/A 
converter and the low-pass filter included in the power 
control apparatus according to the embodiment 2 of the 
present invention; 

FIG. 9 is a block diagram showing the structure of a 
power control apparatus according to an embodiment 3 of 
the present invention; 

FIG. 10 is a circuit diagram of a low-pass filter circuit 
included in the power control apparatus according to the 
embodiment 3 of the present invention; 

FIG. 11 is a circuit diagram Schematically showing the 
low-pass filter circuit illustrated in FIG. 10 for brief expla 
nation of the operation; 

FIG. 12 is a view showing output waveforms of a D/A 
converter and a low-pass filter included in the power control 
apparatus according to the embodiment 3 of the present 
invention; 

FIG. 13 is a block diagram showing the structure of a 
power control apparatus according to an embodiment 4 of 
the present invention; 

FIG. 14 is a view showing changes in a transmitted power 
waveform caused due to changes in temperature in a general 
portable radio communication apparatus adopting TDMA, 

FIG. 15 is a view showing output waveforms of a low 
pass filter circuit for controlling a waveform in a first 
transition of an output Voltage when a temperature of the 
power control apparatus according to the embodiment 4 of 
the present invention changes, 

FIG. 16 is a circuit diagram showing a low-pass filter 
circuit partially constituting a power control apparatus 
according to an embodiment 5 of the present invention; 
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FIG. 17 is a circuit diagram showing a low-pass filter 
circuit partially constituting a power control apparatus 
according to an embodiment 6 of the present invention; 

FIG. 18 is a circuit diagram showing a low-pass filter 
circuit partially constituting a power control apparatus 
according to an embodiment 7 of the present invention; and 

FIG. 19 is a block diagram showing the structure of a prior 
art power control apparatus. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

The present invention will now be described in detail with 
reference to the accompanying drawings. 
Embodiment 1 

Description will be given as to an embodiment 1 of a 
power control apparatus according to the present invention 
in connection with FIGS. 1 to 5. 
AS Shown in FIG. 1, a power control apparatus comprises: 

a high-frequency power amplifier 11, a directional coupler 
12, a transmitting antenna 13; a cymoscope 14, an A/D 
converter 15; a CPU 16; a memory 17; a D/A converter 18; 
and an LPF circuit 19. 
The high-frequency power amplifier 11 includes a vari 

able gain amplifier (amplifier for automatic gain control 
(AGC)), a variable attenuator and others and adjusts an input 
Signal to a desired power level to be outputted in accordance 
with a control Voltage. In this example, the high-frequency 
power amplifier 11 amplifies the input signal to a predeter 
mined power level in accordance with the control Voltage 
and outputs the obtained result as a high-frequency power. 
This high-frequency power outputted from the high 
frequency power amplifier will be referred to as transmitted 
power hereinbelow. The high-frequency power control 
amplifier 11 having the above arrangement constitutes a 
power level adjusting circuit according to the present inven 
tion which adjusts the input signal to a desired power level 
to be outputted in accordance with the control Voltage. 

The directional coupler 12 divides the high-frequency 
power from the high-frequency power amplifier 11 into 
power to be Supplied to the transmitting antenna 104 and 
power to be fed to the cymoscope 14. The transmitting 
antenna 104 discharges the transmitted power from the 
directional coupler 12 in the air as electric waves. The 
cymoscope 14 detects the transmitted power from the direc 
tional coupler to be converted into a direct-current Voltage. 
The A/D converter 15 digital-codes the direct-current volt 
age from the cymoscope 14 to be outputted to the CPU 16, 
thereby informing the CPU 16 of a current output power 
level of the high-frequency power amplifier 11. 

The CPU 16 operates as described below by executing a 
predetermined program. That is, the CPU 16 samples the 
digital code from the A/D converter 15 at predetermined 
time intervals. The A/D converter 15 then compares the 
Sampled digital code with a reference code previously Stored 
in the memory 17 to obtain a difference value between the 
both codes. Further, the CPU 16 calculates a setting code for 
the control Voltage based on the difference value and outputs 
the result to the D/A converter 8. The D/A converter 8 
generates the control Voltage in accordance with the Setting 
code to be sent to the low-pass filter circuit 19. 

The above-described directional coupler 12, the cymo 
scope 14, the A/D converter 15, the CPU 16, the memory 17 
and the D/A converter 18 constitute the control voltage 
generating circuit according to the present invention which 
compares the current output power of the power level 
adjusting circuit with a target power level and generates the 
control Voltage based on a result of comparison. 
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6 
As shown in FIG. 2, the low-pass filter circuit 19 has a 

low-pass filter 19a and a filter control circuit 19b. The 
low-pass filter 19a operates in accordance with either a first 
time constant or a Second time constant Smaller than the first 
time constant and filters the control Voltage generated by the 
D/A converter 18 to be supplied to the high-frequency power 
amplifier 11. On the other hand, the filter control circuit 19b 
causes the low-pass filter 19a to operate in accordance with 
the Second time constant at a first transition of the transmit 
ted power and causes the same to operate in accordance with 
the first time constant after the first transition of the trans 
mitted power, and this circuit constitutes the filter control 
ling means according to the present invention. 
More particularly, the low-pass filter 19a is composed of: 

a first resistor R11, a capacitor C10 which cooperates with 
the first resistor to form a first low-pass filter that operates 
in accordance with the first time constant; and a Second 
resistor R12 which is connected to the first resistor R11 in 
parallel and cooperates with the first resistor R11 and the 
capacitor C10 to form a Second low-pass filter that operates 
in accordance with the Second time constant. A filter control 
circuit 29b is constituted by a diode D10 which is connected 
to the second resistor R12 of the low-pass filter 19a in series. 
When the diode D10 is in the OFF state, the second 

resistor R12 does not function, and hence the low-pass filter 
19a can be regarded as the first low-pass filter which is 
constituted by the first resistor R11 and the capacitor C10 
and operates in accordance with the first time constant. On 
the other hand, when the diode D10 is in the ON state, the 
second resistor R12 functions, and the low-pass filter 19a 
can be hence regarded as the Second low-pass filter which is 
constituted by the parallel connection of the first resistor R11 
with the Second resistor R12 and the capacitor C10 and 
operates in accordance with the Second time constant. The 
first time constant is So Set as to Sufficiently Smooth the 
control Voltage herein. This Setting is used because insuffi 
cient Smoothing of the control Voltage may result in the 
unfixed control Voltage leading to the unstable control loop, 
the divergent control loop or the deterioration in quality of 
a line being used for transmission. 

Referring to FIG. 3, the operation of the power control 
apparatus according to the embodiment 1 will now be 
described. 
A waveform of a first transition of an output voltage from 

the D/A converter 18 is indicated by a solid curve in an upper 
graph of FIG. 3. Here, Vda represents a value of the output 
voltage from the D/A converter 18 that varies in accordance 
with the code setting from the CPU 16. Vf symbolizes an 
ON Voltage in the forward direction of the diode; and Vlpf, 
a value of the output voltage from the low-pass filter 19a. An 
alternate long and Short dash curve in the upper graph of 
FIG. 3 indicates the first time constant characteristics, 
namely, the time constant characteristics of the first low-pass 
filter constituted by the first resistor R11 and the capacitor 
C10, and a broken curve indicates the Second time constant 
characteristics, i.e., the time constant characteristics of the 
Second low-pass filter constituted by the parallel connection 
of the first and second resistors R11 and R12 and the 
capacitor C10. 
When the output from the D/A converter 18 is indicated 

by the solid curve in the upper graph of FIG.3 as described 
above, the output from the low-pass filter 19a, i.e., the 
control Voltage which is the output from the low-pass filter 
circuit 19 changes as indicated by the solid curve in the 
lower graph of FIG. 3. Specifically, when transmission 
starts, the output voltage from the D/A converter 18 shows 
its first transition and, at this point in time, the diode D10 is 
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in the OFF state with the voltage applied to the both ends of 
the diode D1 being in the range of not more than Vf, and the 
low-pass filter 19a functions as the first low-pass filter 
constituted by the first resistor R11 and the capacitor C10. 
Thus, the control voltage varies in the waveform indicated 
by the alternate long and short dash curve in the upper graph 
of FIG. 3. The time constant therefore becomes large while 
the diode D10 is in the OFF state, whereby the control 
Voltage takes the waveform that gradually rises. 

Meanwhile, when the voltage applied to the both ends of 
the diode exceeds Vf, the diode D10 is turned to the ON 
state. Thus, the low-pass filter 19a functions as the second 
low-pass filter constituted by the parallel connection of the 
first and second resistors R11 and R12 and the capacitor 
C10, and the control voltage varies in the waveform indi 
cated by the broken curve in the upper graph of FIG. 3. The 
time constant therefore becomes Small, whereby the control 
Voltage takes the Voltage waveform that shows the Sudden 
Sc. 

Further, when the control Voltage approximates Vda, the 
voltage applied to the both ends of the diode D10 becomes 
equal to or less than Vf and the diode D10 enters the OFF 
State. As a result, the low-pass filter 19a again functions as 
the first low-pass filter constituted by the first resistor R11 
and the capacitor C10, and the control Voltage changes back 
into the waveform indicated by the alternate long and short 
dash curve in the upper graph of FIG. 3. Therefore, when the 
control Voltage approximates Vda, the time constant 
becomes large and the control Voltage again takes the 
gradually-rising waveform. 

FIG. 4 is a graph showing the waveform of the transmitted 
power from a portable radio communication apparatus 
adopting TDMA. When employing the apparatus according 
to the first embodiment as the power control apparatus for 
this radio communication apparatus, the transmitted power 
waveform at a first transition of the burst wave is as shown 
in FIG. 5. A solid curve in FIG. 5 represents an enlarged 
transmitted power waveform in a section t1 in FIG. 4. 
Additionally, in FIG. 5, a broken curve shows a transmitted 
power waveform in case of adopting a conventional low 
pass filter aiming at Smoothing and Stabilizing the output 
Voltage from the D/A converter for the purpose of compari 
Son. AS apparent from FIG. 5, when the apparatus for the 
transmitted power according to the embodiment 1 is 
adopted, the modulated waveform of the transmitted power 
at a leading edge after Start of transmission rises without a 
collapse. On the other hand, when using the prior art low 
pass filter indicated by the broken line, it is evident from 
FIG. 5 that the rising waveform of the transmitted power 
Slacks and the leading edge of the transmitted waveform 
collapses. 

According to the power control apparatus of the above 
described embodiment 1, since the low-pass filter 19a is 
caused to operate in accordance with the Small Second time 
constant at the first transition of the transmitted power and 
operate in accordance with the large first time constant after 
the first transition of the transmitted power, the rapid rise of 
the control Voltage can be obtained while assuring Smooth 
ing of the output voltage from the D/A converter 18 and 
Stabilization of the control loop which are the primary object 
of the low-pass filter, thereby realizing the automatic control 
of the stable transmitted power without slack of the first 
transition of the transmitted power. 

In addition, the changeover between the first time con 
Stant and the Second time constant can be realized by the 
Simple circuit Structure including only the Second resistor 
R12 and the diode D10, reducing the scale of the circuit. 
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Embodiment 2 
An embodiment 2 of the power control apparatus accord 

ing to the present invention will now be described with 
reference to FIGS. 6 to 8. In order to avoid the tautological 
description, reference numerals in the embodiment 1 denote 
like or corresponding Structures in the embodiment 2 which 
are the same with those in the embodiment 1, thereby 
omitting their explanation. A low-pass filter circuit 29 shown 
in FIG. 6 substitutes for the low-pass filter 19 illustrated in 
FIG. 1, and other constituent parts in FIG. 6 are similarly 
constituted as those in FIG. 1. Referring to FIG. 7, the 
low-pass filter circuit 29 is constituted by a low-pass filter 
29a and a filter control circuit 29b. 
The low-pass filter 29a operates in accordance with either 

a first time constant or a Second time constant Smaller than 
the first time constant as similar to the low-pass filter 19a 
shown in FIG. 2 and filters the control voltage generated by 
the D/A converter 18 to be supplied to the high-frequency 
amplifier 11. 
On the other hand, the filter control circuit 29b causes the 

low-pass filter 29a to operate in accordance with the Second 
time constant at the first transition of the transmitted power 
and causes the low-pass filter 29a in accordance with the 
first time constant after the first transition of the transmitted 
power as similar to the low-pass filter 19a of the embodi 
ment 1 shown in FIG. 2. Further, in the embodiment 2, the 
filter control circuit 29b causes the low-pass filter 29a to 
operate in accordance with the first time constant before the 
last transition of the transmitted power and causes the 
low-pass filter 29a to operate in accordance with the Second 
time constant at the last transition of the transmitted power. 
More particularly, the low-pass filter 29a is constituted by 

a first resistor R21, a capacitor C20 having the first time 
constant in cooperation with the first resistor R21 and a 
second resistor R22 which is connected in parallel to the first 
resistor R21. The filter control circuit 29b includes two 
diodes D21 and D22 which are connected to the second 
resistor R22 of the low-pass filter 29a in series. The diodes 
D21 and D22 are connected in parallel to each other in 
opposite directions, and the diode D21 functions as Similar 
to the diode D10 shown in FIG. 2, thereby omitting the 
explanation of the diode D21 herein. 

In this example, Since the Second resistor R22 does not 
function when the diode D22 is in the OFF state, the 
low-pass filter 29a is constituted by the first resistor R21 and 
the capacitor C20. In this case, the low-pass filter 29a can be 
regarded as the first low-pass filter which operates in accor 
dance with the first time constant. On the other hand, Since 
the second resistor R22 functions when the diode D22 is in 
the ON state, the low-pass filter 29a is constituted by the 
parallel connection of the first resistor R21 and the second 
resistor R22 and the capacitor C20. In such a case, the 
low-pass filter 29a can be regarded as the Second low-pass 
filter which operates in accordance with the Second time 
COnStant. 

Description will now be given as to the power control 
apparatus according to the embodiment 2 with reference to 
FIG. 8. 
The waveform of the output voltage from the D/A con 

verter at the last transition can be indicated by a Solid curve 
in the upper graph in FIG. 8. Vf represents an ON voltage 
of the diodes D21 and D22 in the forward direction. Further, 
an alternate long and short dash curve in FIG. 8 indicates 
time constant characteristics of the first low-pass filter 
constituted by the first resistor R21 and the capacitor C20, 
and a broken curve indicates time constant characteristics of 
the Second low-pass filter constituted by the parallel con 
nection of the first and second resistors R21 and R22 and the 
capacitor C20. 
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When the output from the D/A converter 18 can be 
indicated by the solid curve in the upper graph in FIG. 8 as 
described above, the output from the low-pass filter 29a, i.e., 
the control Voltage which is the output from the low-pass 
pass filter circuit 19 varies as indicated by a solid curve in 
the lower graph in FIG. 8. Particularly, when a difference 
between the control Voltage and the Voltage discharged in 
accordance with the time constant determined by the first 
resistor R21 and the capacitor C20 is less than Vf, the both 
diodes D21 and D22 are in the OFF state, and, the low-pass 
filter 29a operates as the first low-pass filter, namely, it 
operates in accordance with the first time constant, whereby 
the output from the low-pass filter circuit 29 shows the 
gradual fall. 
On the other hand, when a difference between the dis 

charged Voltage and the control Voltage is not less than Vf, 
the diode D22 is turned to the ON state, and the low-pass 
filter 29a operates as the Second low-pass filter, namely, it 
operates in accordance with the Second time constant, 
whereby the output from the low-pass filter circuit 29 shows 
the rapid fall. In this State, the reverse Voltage is applied to 
the both ends of the diode D21, and hence the diode D21 
remains in the OFF state. 

Additionally, when the control Voltage lowers the Voltage 
discharged in accordance with the parallel connection of the 
first and the second resistors R21 and R22 and the capacitor 
C20 becomes less than Vf, the diode D22 is turned off, and 
the low-pass filter 29a operates as the first low-pass filter, 
namely, it operates in accordance with the first time constant, 
again involving the gradual fall of the output from the 
low-pass filter circuit 29. Although not explained herein, it 
is not needless to Say that the power control apparatus 
according to the embodiment 2 operates in the fashion 
similar to that shown in FIG. 3 even at the first transition of 
the transmitted power owing to the diode D21. In addition, 
when the rapid rise of the control Voltage is not necessary, 
the filter control circuit 29b may be constituted without 
providing the diode D21. 

According to the power control apparatus of the embodi 
ment 2, the following advantages can be obtained in addition 
to those in the foregoing embodiment 1. Since the low-pass 
filter 29a is caused to operate in accordance with the large 
first time constant before the last transition of the transmitted 
power and operate in accordance with the Small Second time 
constant at the last transition of the transmitted power in the 
embodiment 2, the rapid fall of the control Voltage can be 
obtained while performing Smoothing of the output voltage 
from the D/A converter 18 and stabilization of the control 
loop which are the primary purpose of the low-pass filter. 
Thus, the automatic control of the stable transmitted power 
can be realized without the slack of the last transition of the 
transmitted power. 

Moreover, the Simple circuit Structure only using the 
second resistor R12 and the diode D22 can realize Switching 
between the first time constant and the Second time constant 
at the last transition of the control Voltage, thereby reducing 
the Scale of the circuit. 
Embodiment 3 
An embodiment 3 of the power control apparatus accord 

ing to the present invention will now be demonstrated with 
reference to FIGS. 9 to 12. It is to be noted that reference 
numerals which are the same with those in the embodiment 
1 shown in FIG. 1 are given to like or corresponding parts 
in the embodiment 3 in order to avoid the tautological 
explanation. 

The power control apparatus shown in FIG. 9 includes a 
low-pass filter 39 which substitutes for the low-pass filter 
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circuit 19 of the embodiment 1 shown in FIG. 1 and a Switch 
control circuit 30. The detailed structure of the low-pass 
filter circuit 39 is illustrated in FIG. 10, and the low-pass 
filter circuit 39 is provided with a low-pass filter 39a and a 
filter control circuit 39b. 
The low-pass filter 39a operates in accordance with either 

a first time constant or a Second time constant Smaller than 
the first time constant and filters the control Voltage gener 
ated by the D/A converter 18 to be supplied to the high 
frequency power amplifier 11. Specifically, the low-pass 
filter 39a includes: a first resistor R31; a capacitor C30 
which cooperates with the first resistor R31 to form a first 
low-pass filter having the first time constant; and a Second 
resistor R32 which is connected in parallel to the first 
resistor R31 and cooperates with the first resistor R31 and 
the capacitor C30 to form a second low-pass filter having the 
Second time constant. 
The filter control circuit 39b has a plurality of diodes D 

connected to the Second resistor R32 in Series and also 
includes a plurality of Switches SW which enable the con 
nection between each of these diodes D and the Second 
resistor R32 or disable it by short-circuiting. Each Switch 
SW is controlled by a Switch control circuit 30 shown in 
FIG. 9. This Switch control circuit 30 Selects the diode D to 
be effectively connected to the second resistor R32 by 
controlling ON/OFF of each Switch SW based on a com 
mand from the CPU 16. 
As similar to the above embodiment 1, in the power 

control apparatus according to the embodiment 3 having the 
above arrangement, the low-pass filter 39a can be caused to 
operate in accordance with the Second time constant at the 
first transition of the transmitted power and the low-pass 
filter 39a can be caused to operate in accordance with the 
first time constant after the first transition of the transmitted 
power. 
The timing for Switching the first and Second time con 

stants for the low-pass filter 39a can be changed based on 
how to select enabling or disabling of each diode D. FIG. 11 
shows an example where a plurality of diodes D shown in 
FIG. 10 includes first and second diodes D31 and D32 and 
the Switches SW includes first, second and third Switches 
SW1, SW2 and SW3. 

For example, assuming that the diodes D31 and D32 
shown in FIG. 11 are equal to the diode D10 illustrated in 
FIG. 2, the diode D31 is enabled and the diode D32 is 
disabled when the Switch SW31 is turned off and the 
Switches SW32 and SW 33 are turned on, and the timing for 
Switching the first and Second time constants for the low 
pass filter 39a is hence equal to that for the low-pass filter 
19a depicted in FIG. 2. 
On the other hand, when the Switches SW31, SW32 and 

SW33 are all turned off, the both the diodes D31 and D32 
are enabled, resulting in a change in timing for Switching the 
first and second time constants for the low-pass filter 39a. 
Particularly, Since the Series connection between the diodes 
D31 and D32 is effectively connected to the second resistor 
R32 in series, the ON voltage of the diodes D31 and D32 
becomes 2 Vf which is double the ON Voltage Vf shown in 
FIG. 3 as illustrated in FIG. 12. Therefore, the timing for 
Switching the first time constant to the Second time constant 
in the example shown in FIG. 12 becomes slower than that 
illustrated in FIG. 3 but the timing for changing the second 
time constant back to the first time constant becomes faster 
than that depicted in FIG. 3. 

It is to be noted that the types of the diodes D included in 
the filter control circuit 39b do not have to be the same and 
various kinds of diode may be combined to be used. Of 
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course, the ON Voltages may differ depending on the respec 
tive diodes D. Further, a reverse diode which is connected in 
parallel to each diode shown in FIG. 10 may be added as 
Similar to the foregoing embodiment 2, or each diode 
illustrated in FIG. 10 may be reversed. By doing so, the last 
transition characteristics of the control Voltage may be 
improved. 

The advantages Similar to those of the above-mentioned 
embodiment 1 can be obtained according to the power 
control apparatus of the embodiment 3, and the following 
advantages can be further acquired. By the changeover of 
the Switch SW, variations in numbers of diodes connected to 
the Second resistor R32 can change the timing for Switching 
the first and Second time constants. As a result, even if the 
rising Speed of the transmitted power is uneven due to 
inequable production of the power amplifier and the like, 
adjustment of the timing for Switching the time constants 
can absorb the unevenneSS due to the Spotty product quality. 
Embodiment 4 
An embodiment 4 of the power control apparatus accord 

ing to the present invention will now be described with 
reference to FIGS. 13 to 15. In order to avoid tautological 
explanation, reference numerals similar to those in the 
embodiment 3 shown in FIG. 9 are given to like or corre 
sponding parts in the embodiment 4, thereby omitting the 
description thereof. 

In addition to the structure of the embodiment depicted in 
FIG. 9, the power control apparatus shown in FIG. 13 further 
includes a temperature sensor 4.0a and an A/D converter 40b. 
The temperature Sensor 4.0a detects an ambient temperature 
of the power control apparatus. The A/D converter 40b 
converts an output Voltage from the temperature Sensor 40a 
into a digital code. The memory 17 stores a later-described 
temperature correction memory table for Specifying a diode 
to be connected to the Second resistor. The digital code from 
the A/D converter 40b is inputted, the CPU 16 selects a 
diode which is to be effectively connected to the second 
resistor and informs the Switch control circuit 30 of the 
Selection by making reference to the temperature correction 
memory table in the memory 17. 
The power control apparatus according to the embodi 

ment 4 is effective when the first transition of the power 
amplifier varies due to a change in temperature. Specifically, 
as shown in FIG. 14, when the first transition of the 
transmitted power overshoots at a low temperature and 
undershoots at a high temperature, the Switch is So con 
trolled as to increase a number of diodes to be connected to 
the Second resistor in Series at the low temperature, and the 
control Voltage characteristics having the Slack leading edge, 
e.g., the control Voltage characteristic at the low temperature 
shown in FIG. 15 are obtained. Meanwhile, when the first 
transition undershoots at the high temperature, the Switch is 
So controlled as to decrease a number of diodes to be 
connected to the Second resistor in Series, and the control 
Voltage characteristics having the sharp leading edge, e.g., 
the control Voltage characteristics at the high temperature 
shown in FIG. 15 are obtained. 

According to the embodiment 4, the following advantages 
can be obtained as well as those of the embodiment 3. That 
is, the rising characteristics of the transmitted power can be 
maintained at a constant State even if the first transition of 
the power amplifier varies due to a change in temperature. 

Further, addition of a reverse diode connected in parallel 
to each diode or Substitution of a reverse diode for each 
diode are possible likewise in the embodiment 4 and, in this 
case, the falling characteristics of the transmitted power can 
be maintained at a constant State even if a change in 
temperature occurs. 
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Embodiment 5 
An embodiment 5 of the power control apparatus accord 

ing to the present invention will now be described with 
reference to FIG. 16. A low-pass filter circuit 59 shown in 
FIG. 16 substitutes for the low-pass filter circuit 39 of the 
embodiment 3 or 4 shown in FIG. 9 or 13. 
As illustrated in FIG. 16, the low-pass filter circuit 59 is 

provided with a low-pass filter 59a and a filter control circuit 
59b. The low-pass filter 59a includes: a first resistor R51; a 
capacitor C50 which cooperates with the first resistor R51 to 
form a low-pass filter having a first time constant; and a 
plurality of second resistors R52a, R52b and R52c which are 
connected in parallel to the first resistor and respectively 
cooperate with the first resistor R51 and the capacitor C50 
to form a Second low-pass filter that operates in accordance 
with a second time constant. The filter control circuit 59b 
has: a diode D50 which is in series to each of the second 
resistors R52a, R52b and R52c, and a Switch SW50 for 
Selectively connecting the multiple Second resistorS R52a, 
R52c and R52c to the diode D50 in Series. 

In the power control apparatus according to the embodi 
ment 5, the Second time constant can vary due to a change 
in resistance value, whereas the rising characteristics of the 
transmitted power are changed based on a number of diodes 
in the embodiments 3 and 4. Therefore, advantages similar 
to those in the embodiments 3 and 4 can be obtained by 
appropriately Setting a resistance value of each of the 
multiple second resistors R52a, R52b and R52c and prop 
erly changing over the Switch SW50. 

Further, a reverse diode can be added to each diode in 
parallel and a reverse diode can Substitute for each diode 
likewise in the embodiment 5 and, in Such a case, the falling 
characteristics of the transmitted power can be maintained at 
a constant State even if a change in temperature occurs. 
Embodiment 6 
An embodiment 6 of the power control apparatus accord 

ing to the present invention will now be described with 
reference to FIG. 17. A low-pass filter circuit 69 shown in 
FIG. 17 Substitutes for the low-pass filter 19 illustrated in 
FIG. 1. The low-pass filter circuit 69 has a low-pass filter 
69a and filter control means 69b. The low-pass filter 69 is 
provided with a first resistor R61, a second resistor R62 and 
a capacitor C60. The first resistor R61 and the capacitor C60 
are the same with the first resistor R11 and the capacitor C10 
shown in FIG. 2, but the second resistor R62 is different 
from the second resistor R12 depicted in FIG. 2 and con 
stituted by a thermistor and the like. Therefore, in this 
embodiment, the Second resistor R62 has a function as a 
temperature Sensor and that for changing the Second time 
constant in accordance with a temperature as well as a 
function for providing the Second time constant. 

Accordingly, advantages similar to those in the embodi 
ment 5 can be obtained in the embodiment 6 by appropri 
ately setting the (temperature-resistance) characteristics. In 
addition, the power control apparatus can be provided by the 
Structure which is more simple as compared with that in the 
embodiment 5. 

Further, addition of a reverse diode connected in parallel 
to each diode and Substitution of a reverse diode for each 
diode are possible in the embodiment 6 and, in this case, the 
falling characteristics of the transmitted power can be main 
tained at a constant State even if a temperature changes. 
Embodiment 7 

Description will now be given as to an embodiment 7 of 
the power control apparatus according to the present inven 
tion in connection with FIG. 18. A low-pass filter circuit 79 
shown in FIG. 18 substitutes for the low-pass filter circuit 19 
illustrated in FIG. 1. 
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The low-pass filter circuit 79 has a low-pass filter 79a and 
a filter control circuit 79b. The low-pass filter 79a includes: 
a first resistor R71; a capacitor C70; an operational amplifier 
AMP70 which cooperates with the first resistor R71 and the 
capacitor C70 to form a low-pass filter having a first time 
constant; and a Second resistor R72 which is connected in 
parallel to the first resistor R71 and cooperates with the first 
resistor R71, the capacitor C70 and the operational amplifier 
AMP70 to form a second low-pass filter that operates in 
accordance with a Second time constant. It is to be noted that 
the operational amplifier AMP70 corresponds to the active 
device according to the present invention. The filter control 
circuit 79b has a diode D70 connected to the Second resistor 
R72 in series. 
The embodiment 7 demonstrates an example where the 

low-pass filter 79a includes the active device, i.e., it is 
constituted by an active low-pass filter, and the first time 
constant and the Second time constant can be Switched in the 
embodiment 7 as in the first embodiment, thereby obtaining 
advantages Similar to those in the embodiment 1. 

Further, addition of a reverse diode connected in parallel 
to each diode and Substitution of a reverse diode for each 
diode are possible likewise in the embodiment 7 and, in this 
case, the falling characteristics of the transmitted power can 
be maintained at a constant State even if a change in 
temperature occurs. 
AS described above, although the power control apparatus 

according to the present invention can be applied to any 
device as long as it can automatically control the power level 
of an input Signal and outputs the result, the power control 
apparatus is Suitable for a device for controlling the power 
level of a transmitted output from a radio communication 
device. Particularly, it is well suited to the power control 
apparatus for a radio communication device adopting 
TDMA by which high-speed burst transmission is per 
formed. 
What is claimed is: 
1. A power control apparatus comprising: 
a power level adjusting circuit for adjusting an input 

Signal to a desired power level in accordance with a 
control Voltage to output the obtained result, 

a control voltage generating circuit for comparing a 
current output power from Said power level adjusting 
circuit with a target power level to generate Said control 
Voltage based on a result of comparison; 

a low-pass filter operating in accordance with either a first 
time constant or a Second time constant Smaller than 
Said first time constant, for filtering Said control Voltage 
generated by Said control Voltage generating circuit to 
be Supplied to Said power level adjusting circuit; and 

filter controlling means which receives Said control Volt 
age and in response to Said control Voltage causes Said 
low-pass filter to operate in accordance with Said 
Second time constant at a first transition of Said output 
power of Said power level adjusting circuit and for 
causing Said low-pass filter to operate in accordance 
with said first time constant after the first transition of 
Said output power of Said power level adjusting circuit. 

2. A power control apparatus as Set forth in claim 1, 
wherein Said low-pass filter includes: a first resistor, a 
capacitor which cooperates with Said first resistor to form a 
first low-pass filter that operates in accordance with Said first 
time constant; and a Second resistor which is connected in 
parallel to Said first resistor and cooperates with Said first 
resistor and Said capacitor to form a Second low-pass filter 
that operates in accordance with Said Second time constant, 
Said filter controlling means having a diode connected to 
Said Second resistor in Series. 
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3. A power control apparatus as Set forth in claim 1, 

wherein Said low-pass filter includes: a first resistor, a 
capacitor which cooperates with Said first resistor to form a 
first low-pass filter that operates in accordance with Said first 
time constant; and a Second resistor and cooperates with Said 
first resistor and Said capacitor to form a Second low-pass 
filter that operates in accordance with Said Second time 
COnStant, 

Said filter controlling means having: a plurality of diodes 
connected to Said Second resistor in Series, and a Switch 
circuit for changing over connection between each of 
Said diodes and Said Second resistor. 

4. A power control apparatus as Set forth in claim 1, 
wherein Said low-pass filter includes: a first resistor, a 
capacitor which cooperates with Said first resistor to form a 
first low-pass filter that operates in accordance with Said first 
time constant; and a plurality of Second resistors each of 
which is connected in parallel to Said first resistor and 
cooperates with Said first resistor and Said capacitor to form 
a Second low-pass filter that operates in accordance with Said 
Second time constant, 
Said filter controlling means having: a diode which is in 
Series to each of a plurality of Said Second resistors, and a 
Switch circuit for Selectively connecting a plurality of Said 
resistors to Said diode. 

5. A power control apparatus as Set forth in claim 1, 
wherein Said filter controlling means has a temperature 
Sensor for detecting a temperature and changes over Said 
first and Second time constants in accordance with a tem 
perature detected by Said temperature Sensor. 

6. A power control apparatus as Set forth in claim 1, 
wherein Said low-pass filter includes: a first resistor, a 
capacitor, an active device which cooperates with Said first 
resistor and said capacitor to form a low-pass filter having 
Said first time constant; and a Second resistor which is 
connected in parallel to Said first resistor and cooperates 
with Said first resistor, Said capacitor and Said active device 
to form a Second low-pass filter that operates in accordance 
with Said Second time constant, 

Said filter controlling means having a diode connected in 
Series to Said Second resistor. 

7. A power control apparatus as Set forth in claim 2, 
wherein Said Second resistor of Said low-pass filter is con 
stituted by a thermistor. 

8. A power control apparatus comprising: 
a power level adjusting circuit for adjusting an input 

Signal to a desired power level in accordance with a 
control Voltage to output the obtained result, 

a control Voltage generating circuit for comparing a 
current output power from Said power level adjusting 
circuit with a target power level to generate Said control 
Voltage based on a result of comparison; 

a low-pass filter operating in accordance with either a first 
time constant or a Second time constant Smaller than 
Said first time constant, for filtering Said control Voltage 
generated by Said control Voltage generating circuit to 
be Supplied to Said power level adjusting circuit; and 

filter controlling means which receives Said control Volt 
age and in response to Said control Voltage causes Said 
low-pass filter to operate in accordance with Said first 
time constant before a last transition of Said output 
power of Said power level adjusting circuit and for 
causing Said low-pass filter to operate in accordance 
with Said Second time constant at the last transition of 
Said output power of Said power level adjusting circuit. 

9. A power control apparatus as Set forth in claim 8, 
wherein Said low-pass filter includes: a first resistor, a 
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capacitor which cooperates with Said first resistor to form a 
first low-pass filter that operates in accordance with Said first 
time constant; and a Second resistor which is connected in 
parallel to Said first resistor and cooperates with Said-first 
resistor and Said capacitor to form a Second low-pass filter 
that operates in accordance with Said Second time constant, 
Said filter controlling means having a diode connected in 
Series to Said Second resistor. 

10. A power control apparatus as Set forth in claim 8, 
wherein Said low-pass filter includes: a first resistor, a 
capacitor which cooperates with Said first resistor to form a 
first low-pass filter that operates in accordance with Said first 
time constant; and a Second resistor which is connected in 
parallel to Said first resistor and cooperates with Said first 
resistor and Said capacitor to form a Second low-pass filter 
that operates in accordance with Said Second time constant, 
Said filter controlling means having: a plurality of diodes 
connected in Series to Said Second resistor; and a Switch 
circuit for changing over connection between each of a 
plurality of Said diodes and Said Second resistor. 

11. A power control apparatus as Set forth in claim 8, 
wherein Said low-pass filter includes: a first resistor, a 
capacitor which cooperates with Said first resistor to form a 
first low-pass filter that operates in accordance with Said first 
time constant; and a plurality of Second resistors each of 
which is connected in parallel to Said first resistor and 
cooperates with Said first resistor and Said capacitor to form 
a Second low-pass filter that operates in accordance with Said 
Second time constant, 
Said filter controlling means having: a diode which is in 
Series to each of a plurality of Said Second resistors, and a 
Switch circuit for Selectively connecting a plurality of Said 
Second resistors to Said diode. 

12. A power control apparatus as Set forth in claim 8, 
wherein Said filter controlling means has a temperature 
Sensor for detecting a temperature of Said power control 
apparatus or an ambient temperature and changes over Said 
first and Second time constants in accordance with a tem 
perature detected by Said temperature Sensor. 

13. A power control apparatus as Set forth in claim 8, 
wherein Said.low-pass filter includes: a first resistor, a 
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capacitor, an active device which cooperates with Said first 
resistor and Said capacitor to form a low-pass filter having 
Said first time constant; and a Second resistor which is 
connected in parallel to Said first resistor and cooperates 
with Said first resistor, Said capacitor and Said active device 
to form a Second low-pass filter that operates in accordance 
with Said Second time constant, 
Said filter controlling means having a diode connected in 
Series to Said Second resistor. 

14. A power control apparatus as Set forth in claim 9, 
wherein Said Second resistor of Said low-pass filter is con 
stituted by a thermistor. 

15. A power control apparatus comprising: 
a power level adjusting circuit for adjusting an input 

Signal to a desired power level in accordance with a 
control Voltage to output the obtained result, 

a control Voltage generating circuit for comparing a 
current output power from Said power level adjusting 
circuit with a target power level to generate Said control 
Voltage based on a result of comparison; 

a low-pass filter operating in accordance with either a first 
time constant or a Second time constant Smaller than 
Said first time constant, for filtering Said control Voltage 
generated by Said control Voltage generating circuit to 
be Supplied to Said power level adjusting circuit; and 

filter controlling means which receives Said control Volt 
age and in response to Said control Voltage causes Said 
low-pass filter to operate in accordance with Said 
Second time constant at a first transition of Said output 
power of Said power level adjusting circuit, for causing 
Said low-pass filter to operate in accordance with Said 
first time constant after the first transition of Said output 
power of Said power level adjusting circuit, for causing 
Said low-pass filter to operate in accordance with Said 
first time constant before a last transition of Said output 
power of Said power level adjusting circuit and for 
causing Said low-pass filter to operate in accordance 
with Said Second time constant at a last transition of 
Said output power of Said power level adjusting circuit. 
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